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In this work we present a prospective study on the possible use of certain quasicrystalline alloys in order to
improve the efficiency of segmented thermoelectric generators. To this end, we obtain a closed analytical
expression for their compatibility fact§G. J. Snyder and T. S. Ursell, Phys. Rev. Lé&t, 148301(2003]. By
comparing our analytical results with available experimental data we conclude that a promising high tempera-
ture material, compatible with benchmark thermoelectric materials, can be found among AIPdMn based icosa-
hedral quasicrystals.
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The efficiency of a thermoelectric device depends on theéhe largests values are comparable to those observed in
transport properties of the constituent materials and the temisual TEMSs, like BjTe; or SiGe(s=1 V™1).2 At higher tem-
perature difference between the hot and cold sides, whicperatures the most promising QCii&lPdMn, which exhib-
sets its Carnot upper limit. Evaluation of new materials forits an s factor larger than those reported for SiGs
thermoelectric applications is usually made in terms of the=1 V™) and PbTe(s=1.2 V%), and approaches that of

dimensionless figure of merit, TAGS (s=2.7 V') at T=550 K2 On the other hand, the
oa?T factor corresponding to AIPdRe samples is larger at room
ZT= (1)  temperaturgwhere it exhibits a loweZT value) than it is at

Ke+ Kph higher temperaturegalbeit it exhibits a largeiZT value.

whereT is the temperaturar(T) is the electrical conductiv- This result highlights the importance of properly balancing
ity, a(T) is the Seebeck coefficienks(T) is the charge car- theZT ands conj[ributions in de;ignipg_optir_nized _devices_.
rier contribution to the thermal conductivity, ang(T) is In order to gain some theoretical insight into this question
the lattice contribution to the thermal conductivity. When e obtain a closed analytical expression for the compatibility
considering segmented devices one should also consider tfetor within the Kubo-Greenwood framewotkThe central

compatibility factordefined by information quantities are the kinetic coefficients,
o " o of
g= Y1271 @ (M) =(-1) JJ o(E)(E- " (— —)dE, (3)
aT ’ JE

since materials with dissimilag vales cannot be efficiently wheref(E,,u,-T) is the Fe.rmi-Dira<.: distripution function. In
combined in that case. The thermoelectric compatibility ofthiS formulation all the microscopic details of the system are
several materials of current technological interest has beeficluded in theo(E) function. As a first approximation we
recently reviewed, concluding that a semimetallic materialVill assumeu(T)~Eg. Then, by expressingg) in terms of
with high p-type thermopower is required for developmentthe scaled variablg= (E-u)/kgT, the transport coefficients

of segmented generatdts. can be written &'

In the last few years it has been progressively realized that Jo
quasicrystalsQCs9 deserve some attention as potential ther- o(T) = K (4)
moelectric material§TEMSs), since they naturally fulfill the
Slack’s requirements for a material belonging to the "elec- K
tronic crystal/phonon glass” clads. Quite interestingly, a(T)=- —B‘]—l, (5)
relatively high, positive thermopower valueg+100 lel Jo

-120 uV K1) have been reported for representatives of the 5 5

icosahedral AIPdMn and AlPdRe families in the temperature (T) = kl'l'(\] _ ﬁ) 6)
range 300—600 K-19The main aim of this paper is to show Ke 42\ 3,)"

that, by a judicious choice of sample’s stoichiométrguit- _ o -
able candidates for a high temperature material, compatibl\é\’here we have introduced the reduced kinetic coefficients,
with PbTe,(AgSbTe).14GeTa, g5 (TAGS) or skutterudites,

may be found among the AlPEe,Mn quasicrystalline al- In(T) = f x"a(x)seck(x/2)dx. (7
loys.

To this end, let us start by briefly summarizing some rel-In previous work&-18it has been shown that the experimen-
evant experimental data. In Tables | and Il we list the figuretal o(T) andS(T) curves of several QCs can be consistently
of merit and compatibility factors of different QCs as re- described in terms of the two-Lorentzian spectral conductiv-
ported in the literature. At room temperature we observe thaity function,1%20
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TABLE |. Room temperature thermopower, figure of merit, and  TABLE Il. High temperature thermopower, figure of merit, and
compatibility factors for samples belonging to different quasicrys-compatibility factors for samples belonging to the A{Nh,Re

talline families. icosahedral familyT" denotes the temperature maximizing the fig-
ure of merit.
Sample Ref. a (uV K™ ZT sV
Sample Ref. T a (VK™Y zT s (v
AlCuFe 12 +44 0.01 0.38
AICURUSI 12 +50 0.02 0.66 AlPdMn 5 550 +105 0.25 2.04
CcdYb 13 +16 0.01 1.04 AlPdReRu 10 700 +100 0.15 1.03
AlPdRe 14 +95 0.07 1.21 AlPdRe 9 660 +90 0.11 0.90
AIPdMn 5 +85 0.08 1.54
) &P=-20.5auV K2 (ev)t. (12)
B 0% -
a(E)=— 712 +A 2 , (8 Making use of Eq(9) into Egs.(4)<(6) and Egs(1) and(2)
m (E_ 51) + ,)/21 (E_ 52) + ’yg we get
whereB is a scale factor expressed @t cm™t eV units, 1
and the Lorentzian peaks are characterized by their height, s= -Q{ N —— - 1] AVl (12
(my)7L, and their positions, with reference to the Fermi 1-R

level. The overall behavior of this curve agrees well with the,yere

experimental results obtained from tunneling and point con-

tact spectroscopy measurements, where the presence of a dip QT) = Po (13)
feature of small widt20—60 meV, narrow Lorentziansu-
perimposed onto a broa@.5-1 eV, broad Lorentzign

asymmetric pseudogap has been repottett. The relative 2P,
importance of each spectral feature in the overall electronic R(T) = oP,+ 1)’ (14)
structure is tuned through the weight factdrin Eg. (8). 2
Making use of Eq(8) into Eq. (7) we get® W(T) = kpn(T)/ 5L, T, and we have introduced the polynomi-
| 1 0 & 0 & 0 j als
JO Wl 026 0 2 0 2,0 Po(T) = 1+ (& + Q)y + &y + oy, (15)
— 40
R w21 . -
& 53 0 358 0 52 00 Pi(T) =& + &y +iwy” (16)
1 21 . P2
bT Pa(T) =1+ (28 + Q)y + oy, (17)
Ke where
bT?
1(dn o(E
b2T3 0= —(—02( )) : (18
X k— , (9) 2 dE EF
B
2T measures the curvature ofE) at the Fermi level” At a
b3T5 given temperature Eq12) can be regarded as a parametric
- function of the different phenomenological coefficients, i.e.,
ke s(&). We note that the thermal conductivity of QCs is mainly
b3T® determined by the lattice contribution rather than the charge

_ . . . .. carriers in the considered temperature raffgeherefore, we
where op=0(T—0) is the residual electrical conductivity, ... confidently assume,,~k in Eq. (14), where k=«

_ _ 2 — 8\/2 K-2 i . -
and b=e’L,, where ‘Co_ﬂsz/3e2_2'44.X 100 V. K IS +kph Is the experimentally measured total thermal conduc-
the Lorenz number The phenomenological coefficiéntas

. S ) tivity.
well as the parametric functions=ji(¢s,&,), are directly re- In Fig. 1 we compare the room temperature compatibility
lated to the sample’s electronic structure. In particular, W&gctors of i-AlPdRe [k=0.7 WnTt K19 6,=30(Q cm)™*
7 ’ !
have (Ref[27])) and i-AIPdMn  [k=1.6 Wm1K™, o
_1{dIn o(E) =740(Q cm)™L, (Ref. [5]) as a function of;. These curves
o\ e (100 are derived from Eqs(12<17) with Q=400 (eV)2 (Ref.
F

17); £3=-2910(eV) 3, £=17000(eV)™, jo=1C (eV)™, j;
so that, according to Mott's expressiofy, can be derived =130000(eV)4, andj,=-30000(eV) %! In order to check
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from the low temperature slope, of the experimentad(T) the feasibility of the adopted model parameters we have de-

curve as? termined the value of thé, coefficient corresponding to the
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FIG. 2. (Color onling Dependence of the compatibility factor as
a function of the phenomenological coefficiéqtfor i-AlPdRe with
k=1.2 Wnil K1 at T=660 K (dashed ling® and AIPdMn with
k=2.1 WnTt K1 at T=550 K (solid line) (Ref. 5.

FIG. 1. (Color online Room temperature dependence of the
compatibility factor(main framé and the thermo-electric figure of
merit (inse) as a function of the phenomenological coefficiént
for i-AlPdRe (dashed ling andi-AlPdMn (solid line).
i-AIPdMn sample. Making use of the low temperature ther-for(-a' the§1 value can be_ c_ontrqlled by changing the sample

) stoichiometry, hence shiftingg in a scale of a few meV. In

B ; XP—
r_né)gg\zve\r/)g?t%replorteciinm t'ﬁff'VS ImtoirI?‘(Ql)rwen gleiigi I_ « this way, we can confidently expect that larger values of the
A9(EV) 7 By plugging this value in our analytical ex- -, temperature compatibility factor, close $52.0 V!

pressions we obtais(£5*P)=1.57 V1 (the dotted line in Fig. may be attained in AIPdMn QCs witty, =—15 (eV)™%. In
1) and ZT(¢79)=0.080, in excellent agreement with the ex- 5qition, a significant enhancement of thefactor is ex-
perimental values listed in Table I. pected for AIPdMn QCs at higher temperatures, as it is
The difference between the AlPdRe and AIPdMdi;)  shown in Fig. 2. The valus(£")=3.7 V1 (dotted ling is
curves is due to the significant difference between their repetter than that reported for both TAGS and skutterudites at
spective residual conductivities, determining tHevalue in  T=550 K. Nonetheless, we should keep in mind that our
Eq. (14). In the inset of Fig. 1 we plot the corresponding rigid band model, which does not take into account the tem-
ZT(&) curves, which exhibit a deep minimum, flanked by perature dependence Bf, will be hardly applicable at tem-
two maxima. According to Eq2), bothZT ands vanish at  peratures beyond the Debye qi¥, =450 K for AIPdMn).*
&=+5.76(eV)™%. Consequently, QCs can exhibii-type  Further experimental and theoretical work is then appealing
(&< g‘f) or n-type (é;,> 5(1)) thermopowers depending on the in order to fully exploit the unusual transport properties of
&, value which, according to E@10), is very sensitive to the quasicrystalline alloys in thermoelectric devices.
sample’s electronic structure neg. In fact, the electronic
structure of QCs is characterized by the presence of a narrow | warmly thank Professor K. Kimura, Professor T. M.
pseudogap in the density of states close to the Fermi levelritt, Dr. K. Kirihara, and Dr. A. L. Pope for sharing useful
Thus, when Ex is located at the left(right) of the  materials. | acknowledge M. V. Hernandez for a critical read-
pseudogap’s minimung; takes negativepositive) values, ing of the manuscript. This work was supported by the UCM
and its magnitude is directly related to thé€E) slope. There- through Project No. PR3/04-12450.
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